11
Circadian timing system related pathologies are proposed and demonstrated to be at 12 the core of a number of central nervous system and systemic disorders, such as obesity, 13 metabolic syndrome, hypertension, immune system disorders, Alzheimer's disease and 14 neuropsychiatric conditions (Buijs et al., 2016) . Accordingly, in relation to hypertension 15 disturbances have been reported both in the central and peripheral clocks (Goncharuk et al., 16 2001; Sládek et al., 2012) . Blood pressure levels are shifted to higher levels without a 17 nighttime fall in essential hypertension (Pickering, 1990; Verdecchia et al., 1990) and 18 postmortem analyses of human SCN revealed significant changes in three major SCN 19 transmitter systems in hypertensive patients (Goncharuk et al., 2001 (Eilam et al., 1991; Stoynev et al., 1996) . Besides, systolic 1 blood pressure rhythms are inverted in aged SHRs, resembling the non-dipper phenotype of 2 essential hypertension (Minami et al., 1988; Munakata et al., 1990) . Together these studies 3 clearly suggest the involvement of the biological clock in the etiology of hypertension. 4 Pathology associated with hypertension has also been studied in several 5 hypertension models aiming at altering kidney function by modulating the renin-angiotensin 6 system (RAS). Interestingly several of these models also have disturbed circadian functions. Transgenic hypertensive TGR(mREN2)27 rats (TGR), carrying an additional mouse renin gene 8 in their genome, develop hypertension with inverted blood pressure rhythms peaking during 9 the animals' inactive period and have abnormalities in their circadian system and peripheral 10 organ functions (Dzirbíková et al., 2011; Lemmer et al., 2003) . Other models include salt 11 loading and clamping arterial blood supply to the kidney. In all these models RAS is targeted, 12 however, both central and peripheral nervous system changes are reported (Azar et al., 14 In relation to clock genes and peripherally induced hypertension; Cry1, 2 and Per1 15 knock out animals developed salt-dependent hypertension (Doi, 2012; Solocinski et al., 16 2016). In DAHL hypertensive rats, Per2, Bmal1 and Dbp amplitudes are attenuated in 17 peripheral tissues including kidney (Mohri et al., 2003) . In experimental models of aortic 18 constriction, Per2 and Bmal1 expression were altered in the SCN, as well as in the aorta and (Leu et al., 2014) . 3 In spite of all the studies indicating the disturbance of rhythms or the involvement of 4 clock genes, we still do not know whether these hypertension associated changes are 5 mediated by the SCN, or not, since in most of these studies, SCN changes were not evaluated 6 (Shimba et al., 2011; Xie et al., 2015) . However other studies show that in transgenic hypertension. To examine this question we conducted experiments with both SHRs and the 13 2 kidney, one clamp (2K1C) reno-vascular hypertensive rats (Okamura et al., 1986 Netherlands) were used for the induction of hypertension experiments. All SHR and WKY rats 6 participating in the experiments were bred in our own animal facility in order to avoid 7 possible interference of stressors (i.e., transportation, changes in housing conditions, etc.) in 8 the development of hypertension (Tucker & Johnson, 1981) . Before the experiments, 9 animals were housed in groups, under a 12:12h light: dark (LD) cycle (±100 and 5 lux, 10 respectively; lights on 07:00 h), in a temperature controlled environment (21±2°C) with ad 11 libitum access to tap water and food (Rat Chow). Animals were separated from their mothers 12 after weaning at the age of 4 weeks. During the experiments the animals were housed 13 individually in sound and light isolated so-called "circadian cages" (38x38x39 cm) where all 14 behavioral rhythm measurements were done. In these "circadian cages", rats had free access 15 to a running wheel, food and water and were handled twice a week. used, in order to evaluate endogenous rhythmicity of the SCN during the pre-hypertensive 7 stage (4-10 weeks). Secondly 9 male SHR and 9 male WKY rats at the age of 7-13 weeks 8 (hypertensive stage) were kept in the "circadian cages", under the same conditions as the 9 pre-hypertensive group, to test the circadian rhythmicity when animals were developing and 10 establishing hypertension. Locomotor and running wheel activity rhythms of animals were 11 registered during the 10-day periods of constant darkness (DD; 0 lux) and subsequent 10-12 days of constant very low dim light conditions (dim light LL; 5 lux) in two repeating sessions 13 ( Fig. 1a and 1b ).
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Second set of experiments:
15
In the second set of experiments, 8 male Wistar albino rats (7 weeks of age) were placed in 16 the "circadian cages" seven days before the surgery to induce hypertension with the 2 17 Kidney 1 Clamp method (2K1C) (see Surgery below) and housed in similar conditions as 18 during the first set of experiments. After surgery, animals were placed in constant darkness 19 (DD; 0 lux) for 15 days (this includes one week recovery from surgery and another 7 days for 20 circadian rhythm analyses), subsequently in constant very dim light (LLdim; 5 lux) for 10 days 21 and finally in constant darkness (DD2) again for 10 days (Fig. 1c) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55 Fig.1a and 1b) . In the group of animals with induced hypertension (2K1C) and sham and LL2) in the pre-hypertensive animals (7 to 10 weeks, Figure 1b ). Although (as expected) Interestingly no significant changes were observed in the levels of these rhythms in animals Table 2 ).
5
In the case of amplitude changes significant differences were observed between SHRs and In the current study, we used circadian locomotor and wheel running activities as measures hypertension (Peters et al., 1994; Rosenwasser et al., 1996) . The present study provides Rosenwasser et al., 1996) . A change in blood pressure cannot be the 5 reason for this change in activity since the animals only start to develop a higher blood 6 pressure after 11 weeks as we observed in the current study. Thus overt locomotor activity is 7 altered in SHRs before the development of hypertension.
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As we have seen, the period length is already changed in the SHRs during the pre- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Circadian behavioral changes in the etiology of spontaneous hypertension but not after the induction of hypertension O n l y Figure 1 . Light scheduling during the experiments. Alternating constant dark (DD1 and DD2-0 lux) and constant dim light (LL1 and LL2-5 lux) regimes during experimental scheduling displayed. At the prehypertensive stage animals started experiments at the age of 4 weeks and experiments were ended at the age of 10 weeks (a). The experiments both in the hypertensive stage (b) and in the induction of hypertension group (c) started at the age of 7 weeks and ended at the age of 13 and 13.5 weeks, respectively. At the end of the experiments blood pressure and heart rate were measured. Figure 2 . Period changes in locomotor and wheel running activity during consecutive constant dark (DD-0 lux) and constant dim light (LL-5 lux) conditions. Periods (hours, mean ± S.E.M.) of locomotor (a, c, e) and wheel running activity (b, d, f) rhythms of SHR (n=9 for each stage), WKY (n=9 for each stage), and IndH (n=4) and sham animals (n=3) in DD1, LL1, DD2 and LL2 sessions shown, respectively. * p<0.05, indicates statistically significant difference with a t-test between age-matched SHRs and WKYs. Figure 3 . Changes in total amount of locomotor and wheel running activity during consecutive constant dark (DD) and constant dim light (LLdim) conditions. Total amount of (a.u., mean ± S.E.M.) of general activity (a, c, e) and running wheel activity (b, d, f) rhythms of SHRs (n=9 for each stage), WKYs (n=9 for each stage), and IndH (n=4) and sham animals (n=3) in DD1, LL1, DD2 and LL2 shown, respectively. * p<0.05, indicates statistically significant difference with a t-test between age-matched SHRs and WKYs. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w O n l y
Supplementary data to:
Functional changes of the Suprachiasmatic nucleus in spontaneous hypertension but not after the induction of hypertension 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 
